Investigations on the parity of Fano resonances in photonic crystals by Østerkryger, Andreas Dyhl et al.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 21, 2017
Investigations on the parity of Fano resonances in photonic crystals
Østerkryger, Andreas Dyhl; de Lasson, Jakob Rosenkrantz; Yu, Yi; Mørk, Jesper; Gregersen, Niels
Publication date:
2015
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Østerkryger, A. D., de Lasson, J. R., Yu, Y., Mørk, J., & Gregersen, N. (2015). Investigations on the parity of
Fano resonances in photonic crystals. Poster session presented at CLEO/Europe - EQEC 2015, Munich,
Germany.
Ændre størrelse  
på overskriften  
Klik på ‘Forøge indryk‘ 
 
for at få større overskrift 
Klik på  
‘Formindsk indryk’  
for at gå tilbage 
 
 
 
 
Ændre størrelse  
på Manchet, 
Mellemrubrik og 
Brødtekst  
Klik en gang på  ‘Forøge 
indryk‘ for at få mindre 
Manchet  
Klik 2.gang på ‘Forøge 
indryk‘ for at få Fed 
mellemrubrik 35 pkt 
Klik 3.gang på ‘Forøge 
indryk‘ for at få Regular 
brødtekst 35 pkt 
Klik 4.gang på ‘Forøge 
indryk‘ for at få Fed 
mellemrubrik 18 pkt 
Klik 5.gang på ‘Forøge 
indryk‘ for at få Regular 
brødtekst 18 pkt 
Klik på ‘Formindsk  
indryk’ for at gå tilbage 
II. What is a PhC Fano structure? 
• Fano = narrow Lorentzian field + 
broad background field 
 
 
 
 
 
 
 
 
 
 
 
• Two different parities of transmission 
spectrum: red and blue parity. 
 
 
 
 
 
 
 
 
 
 
• What determines parity in PhC 
Fano structures is not well 
understood. 
• Degree of parity, 𝐷𝑜𝑃, defined as 
slope before minus slope after 𝜔𝑚𝑖𝑛: 
Investigations on the parity of Fano 
resonances in photonic crystals 
Andreas Dyhl Osterkryger*, Jakob Rosenkrantz de Lasson, Yi Yu, Jesper Mørk and Niels Gregersen 
 
DTU Fotonik, Department of Photonics Engineering, Technical University of Denmark, Ørsteds Plads, DK-2800 Kongens Lyngby 
 
*presenting author, E-mail: adyh@fotonik.dtu.dk  
Figure 1: The field distribution (𝐻𝑦) in a PhC Fano 
structure at the zero transmission point in Figure 4. 
III. Explanation of Fano parity in 
Fabry-Perot limit, 𝒅/𝒂 ≳  𝟒. 𝟓 
• Single-mode description is sufficient 
when the cavity-PTE distance, 𝑑, is at 
least 4-5 unit cells. 
• Transmission equation becomes scalar, 
since all other modes are extinct: 
 
𝑇 = 𝑇𝑃𝑇𝐸𝑃
+ 1 − 𝑅𝑇 −1𝑇𝑐𝑎𝑣  (1) 
𝑅𝑇 = 𝑅𝑐𝑎𝑣𝑃
−𝑅𝑃𝑇𝐸𝑃
+
 (2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• Phase of 𝑅𝑇 at 𝜔𝑚𝑖𝑛 determines parity 
as seen in Figure 5. 
 
Figure 4: Transmission of PhC Fano structure computed using all 
Bloch modes (black dots) and only propagating Bloch mode (purple 
dots) inside the Fabry-Perot cavity. The inset shows the dispersion 
diagram for the PhC waveguide structure in the bandgap region. 
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Figure 2: Computed transmission spectra showing 
the two different parities. 
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V. Conclusion 
• The parity of a Fano transmission 
spectrum depends on the position of 
the PTE relative to the cavity. 
 
• The phase shift obtained in 
completing one roundtrip in the 
Fabry-Perot cavity determines the 
parity in the Fabry-Perot limit. 
 
• Experimental results have confirmed 
the dependence of parity on the 
position of the PTE. 
Figure 5: Phase of one roundtrip for different cavity-PTE distances. 
IV. Experimental observation of 
Fano parity shifts 
• SEM image of PhC Fano structure: 
 
 
 
 
 
 
 
 
 
 
 
 
 
• Change in parity of transmission 
spectrum is observed for different 
positions of PTE. 
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Figure 3: The degree of parity as function of cavity-
PTE distance. 
I. Why Photonic crystal Fano structures? 
• Photonic crystals (PhCs) have potential applications within integrated photonics. 
• Highly nonlinear resonant behavior makes Fano structures suitable for photonic 
switching in integrated circuits [1] and recently a PhC Fano laser has been 
proposed [2]. 
Figure 6: SEM image of InP PhC Fano structure with 𝑎 = 447 nm. 
Figure 7: Experimental data on three different cavity-PTE 
distances. 
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